
(12) United States Patent 
Yanagi et al. 

US006784863B2 

(10) Patent N0.: 
(45) Date of Patent: 

US 6,784,863 B2 
Aug. 31, 2004 

(54) ACTIVE MATRIX LIQUID CRYSTAL 
DISPLAY AND METHOD OF DRIVING THE 
SAME 

(75) Inventors: Toshihiro Yanagi, Taki-gun (JP); Kouji 
Kumada, Tenri (JP); Takashige Ohta, 
Yamatokoriyama (JP); Katsuya 
Mizukata, ShijonaWate (JP) 

(73) Assignee: Sharp Kabushiki Kaisha, Osaka (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 166 days. 

(21) Appl. No.: 09/977,912 

(22) Filed: Oct. 4, 2001 

(65) Prior Publication Data 

US 2002/0063669 A1 May 30, 2002 

(30) Foreign Application Priority Data 

Oct. 6, 2000 (JP) ..................................... .. 2000-308392 

Jul. 26, 2001 (JP) 2001-226740 

(51) Int. Cl.7 .......... .. G09G 3/36 

(52) US. Cl. .................................... .. 345/96; 345/94 

(58) Field of Search ............. .. 345/87—102; G09G 3/36 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,648,793 A * 7/1997 Chen ......................... .. 345/96 

5,694,145 A 12/1997 Kondo et al. 345/90 
5,892,494 A 4/1999 Kimura et al. .... .. 345/96 

5,894,297 A * 4/1999 MiZutome et al. .. 345/99 

FOREIGN PATENT DOCUMENTS 

JP 03-245119 * 10/1991 .......... .. G09G/3/36 

JP 5-2208 1/1993 
JP 06-337657 * 12/1994 .......... .. G09G/3/36 

JP 10062748 3/1998 
JP 2000-111878 4/2000 

JP 2000-267618 * 9/2000 .......... .. G09G/3/20 

OTHER PUBLICATIONS 

Euro pean Search Report on European Patent Application 
No. EP 01123775.7 mailed Feb. 27, 2004. 
H. Hori, “Key Issu es Regarding High—Information—Content 
TFT—LCDs for Data Graphics”, proceedings of the SID, 
Society for Information Display, Del Rey, CA, US, vol. 32, 
No. 4, 1991, pp. 331—337. 
US. patent application Ser. No. 09/856,926, Tsuda et al., 
May 2001. 
Chinese Patent Office First Office Action dated Aug. 1, 2003 
(4 pp.) for application No. 011354453 and English Trans 
lation (6 pp.). 

* cited by examiner 

Primary Examiner—Alexander Eisen 
(74) Attorney, Agent, or Firm—David G. Conlin; George 
W. Hartnell, III; EdWards & Angell, LLP 

(57) ABSTRACT 

An active matrix liquid crystal display drives liquid crystal 
by Writing through TFTs, etc. a source signal from a signal 
line drive circuit to display electrodes in display cells on a 
matrix substrate and applying a common signal supplied 
from a common signal generator to common electrodes on 
an opposite substrate, the common signal changing in polar 
ity in each frame. After scanning is completed for scan lines 
corresponding to one frame, a controller controls the interval 
betWeen scan periods and the cycle of change in polarity of 
the common signal so as to provide a non-scan period that 
is longer than the scan period. The provision of the non-scan 
period extends the duration in Which a speci?ed voltage is 
retained by the display cell. This reduces the effects of 
variations in retained voltages caused by parasitic capaci 
tance Which develops in re?ective electrode structures in 
Which the display electrodes partly overlook scan lines and 
signal lines. Thus, in frame inversion drive, differences in 
brightness betWeen the top and bottom of the display screen 
are reduced, and display quality is improved. 

20 Claims, 18 Drawing Sheets 
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ACTIVE MATRIX LIQUID CRYSTAL 
DISPLAY AND METHOD OF DRIVING THE 

SAME 

FIELD OF THE INVENTION 

The present invention relates to an active matrix liquid 
crystal display and a method of driving the display, suitable 
for use in various data terminals and television sets, and in 
particular, relates to an active matrix liquid crystal display 
and a method of driving the display Which alloW for 
improvement of display quality and reduction of poWer 
consumption. 

BACKGROUND OF THE INVENTION 

The liquid crystal display of active matrix drive mode is 
an example of conventionally knoWn image displays. As 
shoWn in FIG. 16, the liquid crystal display is composed of 
a liquid crystal panel 1, a scan line drive circuit 2, and a 
signal line drive circuit 3. 

The liquid crystal panel 1 includes a matrix substrate 7, an 
opposite substrate 8, and liquid crystal (not shoWn) injected 
betWeen the substrates 7, 8. The opposite substrate 8 is 
disposed parallel to the matrix substrate 7. On the matrix 
substrate 7 are there provided signal lines S(l) to S(I) and 
scan lines G(l) to G(J) that cross each other, as Well as 
display cells P arranged in a matrix. On the opposite 
substrate 8, an opposite electrode 13 shoWn in FIG. 17 is 
provided commonly to all the display cells P. 
As shoWn in FIG. 17, each display cell P has a thin ?lm 

transistor (TFT) 11, Which is a sWitching element, and a 
liquid crystal capacitance CLC. As shoWn also in FIG. 18, the 
TFT 11 is connected at its source to the signal line S(i) and 
at its gate to the scan line The signal line drive circuit 
3 supplies, to a signal line S(i), a source signal Vs Which is 
then transmitted through the source and drain of the TFT 11 
and applied as a drain voltage Vd(i,j) to a display electrode 
12 Which is one of the electrodes of the liquid crystal 
capacitance CLC. A common signal Vcom is applied to an 
opposite electrode 13 Which is the other electrode of the 
liquid crystal capacitance CLC. Thus, a difference betWeen 
the drain voltage Vd(i,j) and the common signal Vcom is 
applied to the liquid crystal capacitance CLC. As a result, the 
transmittance or re?ectance of liquid crystal 14 sandWiched 
betWeen the electrodes 12, 13 so changes that an image is 
displayed by the display cells P in accordance With incoming 
image data. SWitching off the TFT 11 does not cause the 
displayed image to change immediately, since in the display 
cell P the charge accumulated in the liquid crystal capaci 
tance CLC is held for a speci?ed period of time. 

In liquid crystal displays, liquid crystal Would deteriorate 
in terms of characteristics under continuous application of 
dc. voltage to the liquid crystal; to avoid the inconvenience, 
the liquid crystal is driven by a voltage that changes from 
positive to negative and vice versa. The method of driving 
by means of ‘inversion drive voltage’ is generally termed 
inversion drive. Different forms of inversion include frame 
inversion, source line inversion, gate line inversion, and dot 
inversion. 
Assume that the foregoing liquid crystal display is driven 

by frame inversion drive. 
FIG. 19 describes, by means of Waveform, development 

of drive voltages applied to display cells P in the liquid 
crystal panel 1: namely, the display cell P(i,1) located in the 
i-th column, 1“ roW, the display cell P(i,j) centrally located 
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2 
in the i-th column, j-th roW, and the display cell P(i,J) located 
in the i-th column, J-th roW. For the purpose of simple 
description, the ?gure shoWs an example in Which the source 
signal Vs is steady at 2 V and the common signal Vcom 
alternates by a 4 V amplitude to create :2 V drive voltages 
for application to the display cells P. 

Referring to the display cell P(i,1) in the top roW, the 
source signal Vs is Written as the TFT 11 is sWitched on by 
a gate pulse fed through the scan line G(l) at point A1. With 
the TFT 11 sWitched off later, the voltage across the liquid 
crystal 14 does not change because of the presence of the 
liquid crystal capacitance CLC. Subsequently, the common 
signal vcom goes negative at point R, varying by an amount 
equal to the aforementioned amplitude, and the drain voltage 
Vd varies by the same amount because of the principle of 
conservation of charge. The source signal Vs is Written again 
as the TFT 11 is sWitched on by another gate pulse supplied 
to the scan line G(l) at point B1; the voltage across the liquid 
crystal 14 is retained. The Writing and retaining recurs With 
a period T in this manner in the display cell P(i,1). 

Referring to the central display cell P(i,j), the source 
signal Vs is Written as the TFT 11 is sWitched on by a gate 
pulse fed through the scan line at point Aj; the voltage 
across the liquid crystal 14 is retained. Subsequently, the 
common signal Vcom goes negative at point R, varying by 
an amount equal to the aforementioned amplitude, and the 
drain voltage Vd varies by the same amount accordingly. 
The source signal Vs is Written again as the TFT 11 is 
sWitched on at point Bj; the voltage across the liquid crystal 
14 is retained. The Writing and retaining recurs in this 
manner in the display cell P(i,j) similarly to the foregoing. 

Referring to the display cell P(i,J) in the bottom roW, the 
source signal Vs is Written as the TFT 11 is sWitched on by 
a gate pulse fed through the scan line G(J) at point A]; the 
voltage across the liquid crystal 14 is retained. Subsequently, 
the common signal Vcom varies by an amount equal to the 
aforementioned amplitude at point R, and the drain voltage 
Vd varies by the same amount. The source signal Vs is 
Written again at point B]; the voltage across the liquid crystal 
14 is retained. The Writing and retaining recurs in this 
manner in the display cell P(i,J) similarly to the foregoing. 
As detailed above, the variation of the drain voltage Vd is 

equal to that of the common signal Vcom. Put it differently, 
the relative value of the drive voltage VLC(i,1) to the 
common signal Vcom is invariable, for example, in the 
display cell P(i,1). This makes it possible to drive the display 
cell (i,1) alternately With voltages :2 V. The same descrip 
tion holds true With the other display cells P(i,j) and P(i,J). 
NoW, the folloWing Will describe a case Where the com 

mon signal Vcom is a steady, dc, voltage. 
FIG. 20 describes, by means of Waveform, development 

of drive voltages applied to display cells P in the liquid 
crystal panel 1: namely, the display cell P(i,1) located in the 
i-th column, 1“ roW, the display cell P(i,j) centrally located 
in the i-th column, j-th roW, and the display cell P(i,J) located 
in the i-th column, J-th roW. For the purpose of simple 
description, the ?gure shoWs an example in Which the 
common signal Vcom is steady at 2 V and the source signal 
Vs alternates by a 4 V amplitude to create :2 V drive 
voltages for application to the display cell P. 

According to this drive scheme, the common signal Vcom 
does not alternate betWeen positive and negative voltage 
levels. Therefore, the common signal Vcom does not vary in 
amplitude, nor does the drain voltage Vd. Further, in a liquid 
crystal cell P depicted by means of an equivalent circuit in 
FIG. 17, a change in polarity of the source signal Vs does not 
lead to a change in polarity of the drain voltage Vd. 






















